Abstract: We present the first use of a superconducting single photon detector in characterizing a single photon source. This detector offers excellent timing resolution (65 ps FWHM jitter) and operation into the infrared (1550 nm).
Single photon sources and detectors are key enabling technologies in the growing field of quantum information [1] . The ideal detector for these applications would have high speed, zero dark counts, and high quantum efficiency at the wavelength of interest. Silicon Avalanche Photodiodes (Si APDs) are the detector of choice for single photon counting at visible wavelengths [2] , with high detection efficiency (up to 76 % at 700 nm) and low dark counts (~100 Hz). For near-infrared wavelengths such as the standard telecommunication wavelengths (1310 nm and 1550 nm) single photon counting is achieved through use of InGaAs APDs [3] . These require cooling to 200 K, offer reduced detection efficiency (20-30 %), and are limited to count rates of ~100 kHz. Furthermore, gating is essential to reduce the high dark count rate. Emerging superconducting detector technologies hold promise for single photon counting applications, maintaining performance at infrared wavelengths. In this study, we use an ultra-fast superconducting single photon detector (SSPD), conveniently packaged in a cryogen-free refrigerator, in the characterization of a quantum dot based single photon source.
The SSPD is based on a narrow superconducting track (100 nm wide, covering a 10 µm x 10 µm area with a 50% fill factor) of NbN. These devices, pioneered by Gol'tsman [4, 5] have fairly low QE (20 % in the visible) and finite dark counts, but are extremely fast (the minimum reported jitter is 20 ps) and can be clocked at very high rates (up to ~1 GHz). Their single photon counting capability extends well beyond telecommunications wavelengths. The photodetection mechanism is as follows: the superconducting track is biased close to its critical current. When a photon strikes the track a hotspot formed, causing a resistive region across the width of the track. This creates a voltage pulse that can be amplified and converted into a digital logic pulse. In our detector system, a device is aligned to optical fiber and mounted in a commercial cryogen-free refrigerator, operating at ~4 K. 
(τ) measurement with 2 Si APDs (upper trace) and an Si APD and SSPD (lower trace). The SSPD is used in tandem with a Si APD to perform a standard antibunching measurement on a quantum dot single photon source. A schematic of the experimental setup is shown in Fig. 1(a) . The single photon source is an individual InGaAs quantum dot placed inside a micropillar cavity [6] . The optical cavity is formed by a pair of GaAs/AlAs distributed Bragg reflectors grown above and below the dot. The cylindrical micropillar, which is ~6_µm tall and ~2 µm in diameter, is defined with photolithography and a reactive ion etch. The dot is optically pumped with a Ti:Sapphire laser (center wavelength λ = 780 nm, 82 MHz repetition rate) and cooled to ~30 K in a liquid He flow cryostat. At this temperature, the dot emits single photons at λ = 902 nm, on resonance with the micropillar cavity mode. The light emitted from the micropillar is collected with an objective lens and directed through a monochromator and into a free-space Hanbury-Brown Twiss (HBT) interferometer. One output of the HBT is focused onto a Si APD, and the other is coupled to a single mode fiber whose output is sent to the SSPD .  Fig 1 (b) shows a measurement of the second order correlation function of the source, g (2) (τ). For the quantum dot emission at 902 nm we find g (2) (0) = 0.24 ± 0.03. We have repeated this measurement using a Si APD in each arm of the HBT interferometer and found g (2) (0)= 0.24 ± 0.05
The detection efficiency (DE) and dark counts of the SSPD are strongly dependent on the current bias point. Fig. 2 shows DE versus dark counts for the SSPD system at 902 nm and 1550 nm for different biases. The detection efficiency of the SSPD system at 902 nm was deduced from the count rate relative to the Si APD in the g (2) (τ) measurements. Owing to free-space to fiber coupling losses that could be as great as 80%, the DE for the fibercoupled SSPD system at 902 nm may be up to 10 %. The fiber-coupled DE was also characterized at 1550 nm using an attenuated laser. Thus unlike the Si APD, the SSPD can be used for characterization of infrared single photon sources. The low jitter of the SSPD is particularly useful in the measurement of quantum dot carrier lifetimes. In this study the SSPD jitter was limited by electronics to 170 ps FWHM [7] . We have recently achieved 65 ps jitter FWHM (comparable to the fastest Si APDs) and employed the SSPD system in measuring carrier lifetimes in infrared quantum well sources [8] .
